Diseases caused by pathogenic micromycetes and impact of herbicides lead to lower productivity and quality of sugar beet. Biopreparations based on Bacillus Cohn are promising environmentally friendly agents for plants protection under biotic and abiotic stresses. Meanwhile it is important to search of bioregulators for application on sugar beet and identify the mechanisms of their actions for effective use. This study summarizes the results of analysis of the effect of Bacillus Cohn based biopreparations Fitosporin-M, Albit, Vitaplan on structure of pathogenic mycromicetes complex in sugar beet (Beta vulgaris L., cv. KVS) rhizosphere, enzymatic activities in soil and leaves, sucrose content in roots and productivity under pathogenic and herbicides pressing. Evaluations were carried out using classical microbiological, physiological and biochemical methods. It was revealed that Fitosporin-M, Albit, Vitaplan decreased the abundance and frequency of rhizosphere pathogenic species and thus lead to activation of useful microflora. Partilularly, a total of 8 pathogenic micromycetes were found in control of which Alternaria tenuis, Aspergillus niger and Penicillium glabrum, the last two being strong toxigenic isolates, were dominant. After a single treatment with Fitosporin-M only Penicillium glabrum was found in the rhizosphere, in case of Albit there was only P. citrinum, and at Vitaplan application Alternaria tenuis, Aspergillus niger, Fusarium oxysporum, F. solani and Penicillium solitum were identified. In plants treated with Fitosporin-M and Albit, no Black Leg pathogens were observed. After doubled treatment the abundance decreased 1.5-3.0-fold, and the frequency decreased 2.0-4.0-fold compared to control. Catalase activity reflecting intensity of soil microbiological processes exceeded control from 1.4 to 3.7 times after the first treatment with Fitosporin-M and Albi, respectively, and from 1.4 to 1.2 times after the second one. The data on increasing oxidoreductases and hydrolases activities in rhizosphere confirm this conclusion. Also, biopreparations decreased activities of hydrolases in leaves and the activity of their inhibitors indicating induction of protective reactions against pathogens. The maximum values were recorded when Fitosporin-M and Albit were used. The protective actions of biopreparations were also indicated by activation of peroxidase in leaves up to 0.175-0.250 OD 490 per 1 g. Furthermore Fitosporin-M supported a relatively high level after reintroduction indicating a prolonged action on the antioxidant system during vegetation. The positive effect of biopreparations under pathogenic and herbicides pressing was reflected in increasing productivity and sucrose content in sugar beet roots, and the maximum effect was achieved after 2-fold treatment of sowings with Fitosporin-M.
The sugar beet (Beta vulgaris L.) is one of the most important industrial crops for sugar production [1] . At the same time, its potential productivity remains unrealized because the plants are adversely affected by various stress factors of both biotic (diseases and pests) and abiotic (exposure to high and low temperatures, moisture deficit, pesticide pressing, etc.) nature, which leads to decrease in root crop weight gain intensity and sugar content [2] [3] [4] . Significant crop losses (especially in recent years) are caused by the diseases of the root system (root rots) and leaves (necrotic spots), the pathogens of which may later cause clamp rots [5, 6] , as well as by the widespread use of herbicides in the plant vegetation period [2] . In this connection, it continues to be very important to select various environmentally safe bioregulators having a positive influence on the phytosanitary condition of sugar beet crops and increasing the degree of plant cell homeostatic state and tolerance under stress conditions [2, 3] .
As compared to chemical pesticides, microbial biopreparations used for plant enhancement and protection against adverse environmental factors have a number of advantages associated with their environmental safety and systemic immunomodulatory action [7] [8] [9] [10] [11] . Along with low toxicity, biopreparations based on living bacterial cultures are characterized by a polyfunctional effect and a broad spectrum of action with regard to various plants and pathogens, and are not expensive [12, 13] . It is reported that associative microorganisms perform a series of functions which are useful for the host plant, particularly, they promote plant growth and development (synthesis of hormones, vitamins), facilitate biocontrol of pathogens (synthesis of antibiotics, induction of systematic resistance), and increase the intensity of root assimilation of nutrients including nitrogen, phosphorus and potassium [14] [15] [16] [17] [18] [19] . Interaction with the microbial community of the rhizosphere has a positive influence on the plant, improving its resistance to biotic [15, 16, 20, 21] and abiotic environmental factors [22] [23] [24] [25] [26] . In particular, it is known that biopreparations based on endophytic bacteria Bacillus Сohn improve the adaptive potential of wheat plants under abiotic stresses [22, 25, 27] and have a favorable influence on plant immunity [12, 20, 28, 29] . Plant treatment with biological preparations based on symbiotic and endophytic microorganism strains with a set of properties improving the microbial diversity of the rhizosphere is a promising way to increase the productivity of agricultural crops [9, 13, 30, 31] . However, in spite of numerous studies, the sequence of plant reactions of the stress resistance induced by bacillar biopreparations is not completely understood and requires further investigation. In addition, there are limited data on their influence on sugar beet plants in conditions of various stress factors, in particular, pathogen and herbicide pressing, which makes it difficult to more effectively use the already existing microbial biopreparations for the purpose of targeted control of plant resistance.
The purpose of this work was to assess the influence of biopreparations based on Bacillus Cohn and their metabolites on the structure of the complex of pathogenic micromycetes in the plant rhizosphere, on enzymatic activity in soil and leaves, as well as on the dynamics of saccharose accumulation in the root crops of the sugar beet and their productivity under the influence of pathogenic soil microflora and herbicides.
Technique. Field trials were carried out in 2010-2011 on crops of the sugar beet (Beta vulgaris L.) of KWS hybrid (Singenta LLC, Russia) under the conditions of the Pre-Ural steppe zone of the Republic of Bashkortostan (Chishmy Agroinvest LLC). The soil characteristics of the trial field were as follows: leached chernozem, pH 5.4, Hg at 5.64 meq/100 g of soil, humus content of 8.72 %, phosphorus and potassium level at 24.8 and 30 mg/100 g of soil, respectively. The sugar beet cultivation technology was the same in all trial variants and corresponded to the one commonly used in the region. Crop protection against weeds was provided by triple treatment with a complex of herbicides Lontrel-300 (0.3 l/ha; Avgust, Russia), Betanal 22 (1.5 l/ha; Bayer CropScience, Russia) and Fusilade Forte (1 l/ha; Singenta LLC, Russia). The trials were established in compliance with procedural guidelines [32] . The following preparations were used: Phytosporin-M (rate of application at 1 l/ha, endophytic strain of Bacillus subtilis 26D as active agent; NVP BashInkom, Russia), Vitaplan (40 g/ha, mixture of Bacillus subtilis strains; CJSC Agrobiotekhnologiya, Russia), Albit (40 ml/ha; poly--hydroxybutyric acid produced by soil bacteria Bacillus megaterium and Pseudomonas aureofaciens; NPF Albit LLC, Russia). The preparations were applied in tank mixtures with herbicides two times (1 st and 2 nd treatments at the stages of 2-3 and 4-6 pairs of true leaves, respectively). In each trial variant the area of production plots was 0.5 ha, 3 replicates; and the area of record plots was 25 m 2 , 4 replicates. Assessments were made at the stages of 2-3 and 4-6 pairs of true leaves.
Isolation and quantitation of microorganisms on trial plots were carried out in accordance with a method for soil suspension inoculation on solid agarized media [33] . Species of micromycetes were identified using guides [34, 35] . Specific names of fungi were clarified using the updated lists published in the Index Fungorum database (http://www.indexfungorum.org).
On the days 4 and 10 after the start of the experiment, the part of leaves from the test plants was fixed in liquid nitrogen for further biochemical studies. The samples were triturated in porcelain mortars in 0.05 M Na-phosphate buffer (PB, рН 6.2) (1:5 weight/volume) and, after extraction of proteins for 60 min at 4 С, centrifuged for 10 min at 15,000 g.
The activity of peroxydase in aliquots was determined using a micromethod. An aliquot of enzyme sample (0.075 ml) prediluted in 0.01 M Naphosphate buffer (at sample to buffer rate of 1:50) and 0.025 ml of 0.5 mg/ml o-phenylenediamine solution was added in each well of flat-bottom immunology plates. After addition of 0.025 ml of 0.016 % Н 2 О 2 , staining was stopped after 2 min by adding 0.05 ml of 4 N H 2 SO 4 . The plate was scanned at  = 490 nm on an IFA-Reader spectrophotometer (Poland) [14] . The activity of hydrolases was determined in the plant extracts after homogenization in buffered solution (0.05 M Tris-HCl, рН 8.0, and 0.05 M NaCl) for 12 hrs in the ratio 1:30 (sample weight, g/extractant volume, ml) at 4 С. The activity of proteases was taken into account using gelatin plates as recommended [36] . A layer of agarose gel was formed on the gelatin plate surface; 5 mm diameter wells were cut out in it; then, their edges were melted, and 50 µl of protein extract was added into each well. Upon completion of incubation, agarose gel was removed, and the plate was washed with running water in order to remove the hydrolyzed areas which then were easily seen against a dark background in the form of round light spots. The circle diameter was used as a basis for estimating the size of the hydrolyzed area, and the activity was recounted from the curve of the trypsin standard solutions pretitrated on the same plate. The lower limit of activity quantification for the commercial trypsin preparation was 0.5-1.0 µg. The activity of catalase, dehydrogenase, polyphenoloxidase, peroxydase, protease and urease in soil from the zone adjacent to the rhizosphere was measured in extracts by the method proposed by the F.Kh. Khaziyev (37); saccharose content in sugar beet root crops was determined using a polarimeter (P161-M, Russia) by the cold water digestion method [38] .
Statistical processing of the obtained results was carried out using the analysis-of-variance method [39] . The calculations of the experimental data was performed using the Microsoft Excel software. The histograms show average values and their standard deviations.
Results. High yields of agricultural crops largely depend on both the agrochemical condition of soil and the presence of appropriate microflora in it [30] . Thus, the microbial community in the rhizosphere of the plant improves its resistance to biotic [15] and abiotic stress factors [8, 24] , but the large number of pathogenic and opportunistic microorganism species produces a negative effect due to development of various diseases leading to reduction in productivity and quality of root crops, as well as their storage life.
The significant decrease in sugar beet productivity due to the diseases of the root system (rots) and leaves (necrotic spots) has been noted in recent years. In future, the corresponding pathogens may cause clamp rots [4, 6] . The works to reduce losses due to diseases, in particular, root rots, with the use of microorganism-based biopreparations are being performed very actively now [2, 3, 6, 40] , and a special emphasis is put on the study of the microbiological processes occurring in soil and plant rhizosphere. In this regard, the interest to the rhizosphere as a zone of maximum accumulation and functional activity of soil microorganisms becomes more profound [30, 41, 42] . Our study of the influence of microbial biopreparations Phytosporin-M, Vitaplan and Albit on a complex of micromycetes in the sugar beet rhizosphere has demonstrated that, at the stage of 2-3 pairs of true leaves, it was possible to extract up to 38 microfungus species from the mentioned soil zone, and 28 strains of them were identified as representatives of three genera, Aspergillus, Penicillium and Fusarium (5, 20 and 3 strains, respectively). The genera Alternaria, Rhizopus and Trichoderma were significantly less represented (Table 1 ). As may be inferred from the presented data (see Table 1 ), 8 species of pathogenic micromycetes were found in soil from control plots which were not treated with the biopreparations; according the classification proposed by A.V. Kornienko [5] , they include 3 sugar beet Pythium disease pathogens (Penicillium aurantiogriseum, Alternaria tenuis, Aspergillus niger) and 5 root system disease pathogens (clamp rot) (Penicillium glabrum, Fusarium solani var. agrillaceum, F. oxysporum, Aspergillus parvulus, Rhizopus microsporus). Alternaria tenuis, Aspergillus niger and Penicillium glabrum were dominant species. It should be noted that the last two of them are strong toxin producers: they release substances which can weaken and subsequently kill plants and cause the reduction of root crop quality [43] .
Sugar beet plant treatments with biopreparations Phytosporin-M, Albit and Vitaplan promoted the change of microfungus species composition in the rhizosphere of the sugar beet. Thus, after single treatment of plants, pathogenic fungi in the root crop rhizosphere were represented by only one species, Penicillium glabrum, in case of Phytosporin-M, P. citrinum in case of Albit, and 5 species (Alternaria tenuis, Aspergillus niger, Fusarium oxysporum, F. solani and Penicillium solitum) in case of Vitaplan (see Table 1 ). It is also important that there were no Pythium disease pathogens on the plots treated with Phytosporin-M and Albit.
The mycobiota species composition in the rhizosphere of sugar beet control plants at the stage of 6-8 leaves remained almost unchanged, except for the appearance of the species Aspergillus flavus Link causing clamp rot (see Table  1 ). At the same time, only two Pythium disease pathogens, Aspergillus niger and Penicillium aurantiogriseum, were revealed after double treatment of crops with biopreparations Albit and Vitaplan, and their occurrence rate was 4 times less as compared to the control. Three Pythium disease pathogens and one clamp rot pathogen were found in case of treatment with Phytosporin-M. In this trial variant, the abundance of species and their occurrence rate were 1.5-3.0 times less and 2.0-4.0 times less, respectively, than in the control. Thus, plant treatments with the biopreparations reduced the abundance of species and occurrence rate of pathogenic micromycetes in the rhizosphere of the sugar beet.
The activation of beneficial soil microbiota under the influence of biopreparations, undoubtedly, leads to changes in the biochemical condition of the soil, in particular, its enzymatic activity, which may have a significant impact on plant productivity [19] . Earlier, we demonstrated that sugar beet plant treatments with biopreparations Albit and Phytosporin-M had a positive influence on the activity of oxidoreductases and hydrolases in the rhizosphere of the sugar beet [42] . In the experiment, the activity of catalase reflecting the intensity of microbiological processes in soil was 1.4 and 3.7 times higher than that of the control after the first treatment with Phytosporin-M and Albit, respectively; after the second treatment, it was 1.4 and 1.2 times higher, respectively.
Plant treatments with Phytosporin-M and Vitaplan stimulated the development of agronomically beneficial microbiota under sugar beet crops, leading to increase in the total quantity of microorganisms consuming organic nitrogen forms, as well as increase in the number of microorganisms breaking up complex polymeric compounds and the number of nitrogen-fixing bacteria [42] . The obtained results are consistent with the published data on mechanisms for induction of productive qualities of plants under the influence of microorganisms [30, 44] .
It is known that, in response to harmful impacts, an oxidative stress is developed in plants, and peroxidase plays an important role in its neutralization [14, 16] . In all variants, statistically significant activation of peroxidase in leaves was observed after plant treatment with biopreparations ( Fig.) . Earlier we noted such increase in peroxidase activity for wheat and potato plants under the influence of biopreparations [12, 14] . After reapplication of biopreparations, decrease in peroxidase activity was observed in all samples, except for the variant with Phytosporin-M, where this parameter remained higher than in the control, which is probably indicative of the long-lasting action of the preparation on the anti- The formation of protective mechanisms against pathogens in plants largely depends on hydrolytic enzymes (proteases, amylases, pectinase) and their inhibitors. Earlier, in model experiments on potato tubers, we demonstrated that prolonged activation of protease inhibitor synthesis improved the protection of the tubers treated with Phytosporin-M against penetration and development of pathogenic microorganisms [36] .
Sugar beet plant treatment with biopreparations reduced the activity of hydrolases in leaves (Table 2 ) and, conversely, increased the activity of their inhibitors, which is indicative of induction of protective reactions against pathogens in plants; maximum values were registered in case of treatments with biopreparations Phytosporin-M and Albit. The resultant indicators of physiological-biochemical and microbiological processes in plants throughout the vegetation period are the indices of productivity and quality of sugar beet root crops. Thus, the application of the studied biopreparations led to increase in root crop productivity by 1.6-5.0 t/ha as compared to the control and helped in more intensive accumulation of sweeteners in the crops. Whereas the saccharose content in the control achieved 16.2 % by the time of harvesting, it ranged within 17.0-18.8 % between the variants of the trial, and the highest values were obtained in case of double treatment of crops with Phytosporin-M.
So, the obtained data support the conclusion that the biopreparations based on Bacillus Cohn and their metabolites improve the yielding capacity and quality of sugar beet root crops by the correction of microflora composition in the rhizosphere, in particular, due to reduction in the number and species diversity of pathogenic micromycetes, which, in turn, reduces the probability of plants being infected by root system and leaf disease pathogens. In addition, an important contribution to the formation of productivity and the growth of plant resistance to adverse environmental factors (in particular, to pathogen and herbicide pressing) is probably made by the increase of enzymatic activity both in the rhizosphere and leaves of the sugar beet due to the influence of biopreparations. In general, it can be concluded based on the results of the study that the application of such biopreparations as Phytosporin-M, Albit and Vitaplan leads to reduction in plant disease incidence rate and increase in productivity and quality of sugar beet root crops under the influence of pathogenic micromycetes and herbicide pressing. In this regard, the most profound effect was noted for Phytosporin-M, which allows us to recommend using it in technologies for intensive cultivation of the sugar beet.
